DNA methylation is pivotal in orchestrating gene expression patterns in various mammalian 41 biological processes. Perturbation of the bovine alveolar macrophage (bAM) transcriptome, due 42 to Mycobacterium bovis (M. bovis) infection, has been well documented; however, the impact of 43 this intracellular pathogen on the bAM epigenome has not been determined. Here, whole genome 44 bisulfite sequencing (WGBS) was used to assess the effect of M. bovis infection on the bAM 45 DNA methylome. The methylomes of bAM infected with M. bovis were compared to those of 46 non-infected bAM 24 hours post-infection (hpi). No differences in DNA methylation (CpG or 47 non-CpG) were observed. Analysis of DNA methylation at proximal promoter regions uncovered 48 >250 genes harbouring intermediately methylated (IM) promoters (average methylation of 33-49 66%). Gene ontology analysis, focusing on genes with low, intermediate or highly methylated 50 promoters, revealed that genes with IM promoters were enriched for immune-related GO 51 categories; this enrichment was not observed for genes in the high or low methylation groups. 52 Targeted analysis of genes in the IM category confirmed the WGBS observation. This study is 53 the first in cattle examining genome-wide DNA methylation at single nucleotide resolution in an 54 important bovine cellular host-pathogen interaction model, providing evidence for IM promoter 55 methylation in bAM. 56 57 58
Introduction
Bisulfite PCR, cloning, sequencing and combined bisulfite restriction analysis 174 Bisulfite-converted DNA from control and infected bAM was amplified in 25 µl 175 reactions containing 0.2 µM primers, 1× buffer, 0.2 mM dNTPs, 2.5 U Platinum Taq DNA 176 polymerase and 3 mM MgCl 2 . Primer sequences are detailed in Table 1 . PCR cycling conditions 177 were as follows: 95 °C for 3 min followed by 35 cycles of 30 sec each at 95 °C; 58 °C, 72 °C for 178 30 sec, and a final elongation step of 5 min at 72 °C. PCR products were purified using the 179 Wizard clean up kit (Promega) and cloned into the pJET1.2/blunt vector (Fermentas). Insertion 180 of PCR products was verified by digestion with BglII and positive clones were sequenced using 181 conventional Sanger sequencing (Eurofins Genomics). Combined bisulfite restriction analysis 182 (COBRA) was carried out using TaqαI, and/or AciI as outlined in 27 . Sequence analysis and 183 alignment was performed using DNAStar EditSeq, MegAlign (www.dnastar.com) and BiQ Meth 184 Analyzer (http://biq-analyzer.bioinf.mpi-inf.mpg.de). During this analysis, sequences with low 185 C-T conversion rate (< 95%) and with a high number of sequencing errors (sequence identity 186 with genomic sequence less than 80%) were excluded from the alignment. Identical clones were 187 also excluded from the analysis. Table 1 ). Table 4 ).
Methylation calls 241
The bismark_methylation_extractor script was used in a two-pronged approach. First, were sorted and saved as sam formatted files. Individual CHH or CHG were imported separately.
259
These files were imported to the methylKit object using strict criteria: at least 10× coverage per and CpG-deficient promoters were widely methylated 39, 40 . CpG-rich promoters containing a 333 CpG island (CGI) or overlapping a CGI (Promoter CGI and CGI promoter) were mostly 334 hypomethylated ( Fig. 3) . Interestingly, CGIs remote from annotated gene promoters (non-335 promoter CGIs) showed variable methylation-most were hypermethylated (>75% methylated, 336 18,581 CGIs) with 9,103 non-promoter CGIs hypomethylated (<25%).
337

Pyrosequencing validation of WGBS at key immune function genes 338
To confirm the WGBS observation that DNA methylation was not different between 339 control and infected bAM, 24 hpi, a small panel of key immune genes, TNF, IL12A, TLR2, 340 NFKB2, C1QB, NOS2 and DTX4 were selected for targeted analysis by pyrosequencing.
341
Transcription of these genes has previously been shown to be upregulated in bAM 24 hpi with 342 M. bovis 21, 23 ; the specific loci that were analysed by pyrosequencing are detailed in Fig. 4 . Four "defense response" (P < 10 -08 ), "defense response to bacterium" (P < 10 -07 ), "response to 370 bacterium" (P < 10 -07 ), "chemokine-mediated signaling pathway" (P < 10 -06 ) and "chemokine 371 activity" (P < 10 -04 ), among others (Supplementary Table 6 ). In contrast, no significant 372 enrichment for immune-related GO categories was found for promoters with methylation levels Table 6 ). Instead, the latter only suggested enrichment for generic GO categories (e.g.,
375
"intracellular organelle", "transcription regulatory region DNA binding").
376
A hallmark of some imprinted genes is that they contain a 5' differentially methylated 377 region that is IM (resulting from parent-of-origin specific methylation patterns); therefore, the Supplementary Fig. 1 ).
382
Targeted analysis of intermediately methylated (IM) gene promoters 383
To confirm the presence of IM at immune gene promoters, COBRA and clonal analysis 384 of bisulfite PCR products was performed. Firstly, proximal promoter alignment plots for the IM 385 group were visually screened to remove promoters that were included due to averaging of 386 sequences with high and low methylation (example of this in Fig. 6 ). This analysis was restricted Mean methylation (%)
